F OR THE past 13 years, the effect of age on various cardiovascular functions has been studied at this laboratory in resting condition (electrocardiogram 1 and vectorcardiogram ; 2 digital circulation by means of photoplethysmography ; s ballistocardiogram ; 4 and cholesterol 5 ).
The tolerance to physiologic stress situations is important for the adaptation to external and internal environmental changes. A decreased stress tolerance in older people may precipitate or precede development of clinical disease, and thus contribute to the greater prevalence of cardiovascular disease with age.
The decrease of exercise tolerance with age is well known (recently reviewed by Simonson.) 0 Some failure of postural adjustment of peripheral circulation, recorded by means of impedance plethysmography from the leg and head, was found in older healthy men as compared to young healthy men. 7 Study of the effect of age in other physiologic stress situations seemed to be of interest because of the different physiologic mechanisms involved. It is included in a longterm research project on aging, involving cardiovascular and central nervous system functions. This investigation is concerned with the effect of age on the response of peripheral circulation to hypoxia. because hypoxia is an important environmental (high altitude) and pathologic (cerebral or myocardial ischemia) stress situation, and a large body of information on effects of hypoxia on various physiologic functions is available. 11 modification, which was employed also in the previous study. 7 The maximum peak amplitude and the height of the dicrotic notch were measured. The record was electrically calibrated in terms of 1/100 ohm resistance. Kedrov and Naumenko, 9 by placing electrodes on or inside an artery in animal experiments, were able to convert the impedance plethysmogram in units of blood flow, and Nyboer 8 holds that this is possible also for the impedance plethysmogram recorded from the skin surface. For this, however, several assumptions are made and we evaluated only the change of the pulse amplitude before and during hypoxia in the same individual without change of electrode placement. The change of the pulse amplitude, on the basis of the available information, 8 " 10 may be considered as a reliable index for the relative changes of the peripheral blood flow during hypoxia.
Methods
The pulse tracings from the forehead represent essentially extracranial circulation because of the high electrical resistance of the bony skull, but some contamination with cerebral circulation cannot be excluded. The following intervals were measured: Peak time "P" (from start of the pulse upstroke to its peak), cycle length "C," and relative peak time (P in per cent of C).
The changes of the pulse tracings during hypoxia were compared in 58 young men (y) from 18 to 32 years (mean age 23.4) and 68 older men (o) from 55 to 65 years (mean age 59.5). All subjects were found to be free from signs and symptoms of disease in a thorough physical examination. The young men were students and some employees of the laboratory. The older men were part of an experimental group in a longitudinal research project with annual check-ups during the past 11 years. This group was selected from businessmen, staff members of the University, and employees of several industrial companies in the Twin Cities area, who volunteered for the long-term project.
All subjects were in basal condition. The tracings were taken before and during the eighth minute of breathing a 10 per cent 0 2 , 90 per cent nitrogen mixture. The arterial O 2 saturation was recorded by means of E. H. Wood's 12 ear lobe oximeter.* During the period of hypoxia, the electrocardiogram was continuously monitored by means of an oscilloscope, and recorded 3 times during the hypoxia test.
Results and Discussion
The group means, standard deviations before and after 7 minutes of hypoxia, the differences (A) and their statistical significance (calculated by means of the t-test) are shown in table 1. There is a significant increase in the peak amplitude in older men, indicating an increase of the volume of forehead circulation, in contrast to the absence of significant changes in the younger men. The dierotic notch height decreases in the younger men and increases in the older men. The different reaction of the younger and older group (A o -A y , last column, table 1) was statisti-*Manufactured by the Waters Company, Rochester, Minn. cally significant. In table 2, the percentage of subjects with increased amplitudes of the peak amplitude and dicrotie notch height is compared in the 2 groups. The greater percentage with increased amplitudes in the older group is statistically highly significant (chi-square test).
In confirmation of earlier results with photoelectric plethysmography, 3 absolute and relative peak times are significantly longer in older men in the control tracing before hypoxia. Figure 1 shows typical examples of the changes of pulse amplitude and contour before and during hypoxia in a young (D.R.) and an older man (H.P.). The amplitude of the control tracing before hypoxia is larger in the young man, and the dicrotie notch more pronounced and lower. The difference in the contour of the pulse tracing in basal condition is quite typical. The contour of the pulse tracing of H.P. is of a transitional type between the contour prevalent in younger people (D.R.) and that in patients with peripheral arteriosclerosis. 3 However, no evidence of peripheral vascular disease was present in H.P. or in any of the other subjects. In D.R., there is no essential change of the peak amplitude, while the dicrotie notch moves 
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After Hypoxia somewhat lower during hypoxia. In H.P., there is a significant increase of the peak amplitude, and the dierotic notch moves somewhat higher. The resting heart rate of D.R. is nearly identical to the group mean of young men, while the heart rate of H.P. is slightly slower than the group mean of older men. However, the increase of heart rate (shortening of cycle time C) is similar in D.R. (-0.24 second) and H.P.
(-0.28 second).
There is a highly significant increase of the heart rate in hypoxia (shortening of the cycle time), and a significant increase of the relative peak time (table 1, fig. 1 ) in both age groups. The absolute peak time does not change in the young group but shortens significantly in the older group. The different response (A 0 -A y ) was statistically significant. There was no correlation between pulse amplitude and heart rate in resting condition in both groups, and between amplitude and heart rate changes during hypoxia in the younger group. There was a slight correlation between amplitude and heart rate changes during hypoxia (r = 0.2435) in the older group (P=0.05).
Like previous investigators (Stewart and Carr, 13 Mathers and Levy, 14 Burchell etal. ln ), we found large individual differences in the drop of the arterial oxygen saturation during the hypoxia test. In our series, the drop of arterial O2 saturation varied from 5 to 35 per cent. There was a highly significant correlation (P < 0.01) between the decrease of arterial oxygen saturation and the increase of peak amplitude (r = 0.35), as well as the dierotic notch height (r = 0.33) in the older men, while there was no significant correlation in the younger men. We compared, therefore, the changes of the forehead plethysmogram H.P. in younger and older men with a drop of the arterial oxygen saturation exceeding 20 per cent. The mean drop was nearly identical in both groups (-25 per cent). The results (table 3) are similar to those of the total group (table 1), and show that the different reaction of younger and older men is still present at the same drop of arterial oxygen saturation.
The results show greater changes of the forehead circulation in the older men than in the younger men during hypoxia. The greater increase of the extracranial volume pulse during hypoxia in older men may be related to peripheral or to central factors. Older people have a stiffer arterial system, resulting in greater pulse pressures with increased peripheral resistance. All subjects were normotensive, but increased arterial pulse wave velocity with age in normotensive subjects is documented (literature and experimental data in reference 3). It is difficult, however, to explain the greater pulse amplitude in older people during hypoxia on this basis, since a greater amplitude shows greater vasodilation in the extraeranial peripheral bed. Reaction in a specific peripheral vascular bed cannot be predicted from central arterial pulses. 16 It is more likely that the threshold for stimulation of the vasomotor centers in .095* "Comparison is made for the total groups and for those subjects with saturation drop >20 per cent. Significance of difference between means as determined by Behrens-Ksher test is denoted by t = P <.O5, t = P <-01, § = P <.0001.
the reflex action to hypoxia is decreased in older people possibly resulting from (subclinical) impairment of the blood supply to the vasomotor centers, due to some arteriosclerotic changes. The same drop of the arterial O2 saturation would then represent a greater effective stimulus in older people.
Summary
In 68 healthy older men (mean age 59.5 years), the peak amplitude of impedance plethysmographic pulse tracings from the forehead increased significantly during hypoxia (breathing a 10 per cent O2, 90 per cent nitrogen mixture), while there was no significant change in a group of 58 healthy young men (mean age 23.4 years). The height of the dicrotie notch increased in the older men and decreased in the younger men. In both groups, the cycle length decreased, and the relative peak time increased significantly during hypoxia. The absolute peak time decreased in the older group and did not change in the younger group. The amplitude changes in hypoxia were related to the decrease of arterial oxygen saturation in the older, but not in the younger, men. It is suggested that hypoxia is a stronger stimulus for the reaction of extracranial circulation in older subjects.
